Background: This study aimed to investigate the validity of the Active Australia Survey across different subgroups and its responsiveness to change, as few previous studies have examined this.
Background
Regular physical activity reduces the risk for developing chronic diseases, yet large proportions of the population are inactive which leads to an increased burden of disease in Australia [1, 2] . As such, robust physical activity measures are important for epidemiology, surveillance and evaluation of interventions. The most used, cost-effective and feasible method of assessing physical activity in large populations is through using self-report questionnaires [3] . Although limitations associated with self-report measurements are well known [4, 5] , and the use of accelerometer-based physical activity monitoring is becoming increasingly feasible [6] , self-reported measurement still represents an efficient way to collect data on physical activity in population health research.
The accurate collection of physical activity using self-reported methods is not easy, as it depends on a number of factors. Accuracy relies on participants' ability to correctly recall physical activity performed in the past, whether participants' interpretation of physical activity intensity aligns with established definitions for activity intensity, as well as whether survey questions are able to capture these interpretations of intensity [7] . For example, women or older adults may perceive that specific activities of moderate intensity require greater effort than what men and younger adults perceive of the same activities, and therefore rather classify them as being of vigorous intensity [8, 9] . Furthermore, physical activity questionnaires validated for use in one population are often used in different populations or settings in which they have not been validated. It is therefore important to investigate the extent to which the validity of a self-report instrument varies across different populations [5] . If validity differs by population group, then this has important implications for physical activity surveillance. Few studies have examined the accuracy of self-report questionnaires according to socio-demographic factors. While some studies demonstrate that self-reports can be accurate for women and older age adults [9, 10] , they did not simultaneously assess validity in men and young adults. Nevertheless, some studies have compared groups and indicated that self-report accuracy decreases when BMI increases and when activity levels increase [7, 11] . More research is however needed to confirm these observations.
During the past 15 years, the Active Australia Survey [12] has been widely used to measure physical activity in Australian and international surveillance studies and large cohort studies [13] [14] [15] [16] . The Active Australia Survey assesses frequency (sessions) and duration (minutes) of physical activity in the past week [12] . While correlation coefficients of 0.3 have often been reported as demonstrating acceptable evidence of validity in physical activity research [17] [18] [19] [20] [21] [22] , a systematic review on the validity of physical activity questionnaires by Helmerhortst et al. (2012) categorised validity as poor when correlations were below 0.4 [23] . The measurement properties of the Active Australia Survey have been assessed, and with correlation coefficients for total physical activity ranging from 0.42 to 0.61 [10, 11] , they have been deemed acceptable [9, 10] . Few studies, however, have examined how the validity differs across different subgroups [7, 11, 23] . Furthermore, although the Active Australia Survey was developed for physical activity surveillance [12] ; it is nevertheless often used in intervention research with small study groups and detecting change in small groups requires greater measurement sensitivity [24] . Two studies have examined responsiveness to change using the Active Australia survey [25, 26] , but only one of these studies examined this in comparison to an objective measure of physical activity [26] . This study found acceptable but lower responsiveness of the Active Australia Survey compared to using accelerometry [26] . Therefore the aims of this study were: 1) to investigate the validity of the Active Australia Survey in different population subgroups from a sample of Australian adults who participated in a randomised controlled trial; and 2) to investigate the responsiveness to change of the Active Australia Survey relative to objective accelerometer assessments.
Methods
The Edinburgh Validity and Reliability Framework was used to specify what types of validity our study assessed [27] . Specifically, when we refer to 'validity' we mean 'criterion validity' and when we refer to 'responsiveness to change' we mean 'behavioural reliability' (i.e., assessment of stability accounting for behavioural changes).
Participants
All participants in this study were part of the Walk 2.0 trial [28, 29] , a three-group randomised controlled trial that assessed the effectiveness of a traditional physical activity promotion website (www.10000steps.org.au), a social networked physical activity promotion website (www.walk.org.au), and a print-based control group. Details of the study methods and procedures of Walk 2.0 have been published previously [28] . A total of 504 participants were recruited via random selection from Australian electoral roll, local print media, and email lists. Eligible participants were inactive English speaking adults (+ 18 years) with Internet access who lived in Western Sydney or Rockhampton. All participants in the Walk 2.0 trial who were randomised into a group were included in this study. A single item physical activity measure was used to screen participant activity levels prior to randomisation [30] . While the aim of the Walk 2.0 study was to only recruit inactive participants, 42.9% met the physical activity recommendations at baseline [29] . We have reported more details on the screening procedure and its limitations elsewhere [31] . The issues with recruiting an inactive sample suggest that many of those recruited were motivated to become more active, and as such they may have been different from the Australian population at large.
Procedures
Eligible participants were invited to the university, fitted with an ActiGraph activity monitor and instructed to wear it for 7 days. Participants were asked to record wear time and reasons for removing the ActiGraph during the day (e.g. water sports) using a paper-based log. Eight days later participants returned to the university and completed the Active Australia Survey. Before completing the Active Australia Survey, ActiGraph data were inspected; if individual data were invalid, participants were asked to wear the ActiGraph again, until valid data were obtained. The Walk 2.0 trial measured participants using this protocol at 4 time points (0, 3, 12 and 18 months), however the present paper only reports outcomes for baseline (validity) and 3-month (sensitivity to change) time points. Only baseline data were used to assess validity, as the subsequent intervention would have intentionally influenced physical activity at later time points. Only baseline and 3-month time points were used to assess responsiveness to change, as actual physical activity change due to the intervention will have been the greatest immediately after completing the intervention and also because drop-out increased over subsequent time points which may introduce selection bias.
Measures
The Active Australia Survey: this survey comprises eight items to assess the frequency (number of sessions) and duration (minutes per week) of walking, moderate and vigorous leisure physical activities and vigorous gardening (in at least 10-min bouts) over the preceding 7 days. Acceptable 5-day test-retest reliability has been reported for the Active Australia Survey with reliability coefficients (spearman's ρ) ranging between 0.43 and 0.80 and agreement scores (Kappa statistics) ranging between 0.40 and 0.83 [11] . Consistent with Active Australia Survey data treatment recommendations, when participants reported spending time in vigorous gardening, these data were not included in any calculations of total and vigorous physical activity [12] . Duration (minutes per week) for walking, moderate and vigorous physical activities were truncated at 840 min [12] . Total minutes for moderate physical activity (which includes walking minutes), vigorous physical activity and total moderate and vigorous physical activity were calculated. Total minutes for moderate physical activity and walking were combined, as several studies have demonstrated that healthy adults' self-selected walking speed usually corresponds with moderate intensity physical activity [32, 33] .
The ActiGraph activity monitor: The ActiGraph (model GT3x; ActiGraph LLC., Florida) was used to objectively measure physical activity. Although accelerometers do not provide a gold-standard measure, they are not subject to the same sources of error as self-reporting, and are well-accepted for providing evidence for the validity of self-report measures [9, 34, 35] . The validity and reliability of the ActiGraph accelerometer has previously been demonstrated in laboratory testing, and compared to other commercially available activity monitors [36, 37] . For example, ActiGraph counts per minute were highly correlated with oxygen uptake (VO 2 ) during treadmill running at various speeds (r = .88) [38] . During the induction session, participants were instructed on how to wear the ActiGraph, which was worn over their right hip and fastened using an elastic belt.
Demographics: Age, gender and education level were assessed as part of the survey measure, however height and weight were measured by project staff when participants visited the university using Seca 700 balance scales and a Seca 220 measuring rod (Seca GmbH, Hamburg). Participants removed shoes and heavy personal items. The average of 3 consecutive measurements was recorded. Using BMI (kg/m 2 ) participants were classified as healthy weight (BMI = 18.5-24.9), overweight (BMI = 25.0-29.9) or obese (BMI ≥ 30) [39] . Educational level was initially assessed in 6 categories, but was collapsed into 3 categories for this study (school education, vocational and technical education, higher education). Educational level may influence the validity and responsiveness of survey instruments. A higher education level may result in better knowledge about physical activity, a better understanding of being active at different intensities and having a better recall of past activities [40] . This is why we examined validity and responsiveness to change according to educational level.
Physical Activity Awareness: Awareness was assessed using the five items that accompany the assessment of the Active Australia Survey [12] . When participants answered 4 or more questions correctly they were categorised as having 'high physical activity awareness'; if fewer than 4 questions were answered correctly participants were categorised as having 'Low physical activity awareness'. (In) accurate awareness of one's own physical activity level (e.g., in relation to meeting physical activity recommendations) may result in socially desirable responses to the self-report physical activity surveys, and this may undermine the validity of the measure [41] .
Overlap: The time frame of the Active Australia Survey (last 7 days) overlapped as much as possible with the time when participants were wearing the ActiGraph; however, it was not possible to always have a perfect overlap. As such, 'optimal overlap' was considered when there was no more than 2 days of difference between the last day of ActiGraph monitoring and the time the Active Australia Survey was completed (thus 0-, 1-or 2-day gap). 'Sub-optimal overlap' was considered when there was a gap of 3 or more days between ActiGraph and Active Australia administration.
Data reduction
The ActiGraph data were reduced with custom software (a Microsoft Excel macro) that examined each recorded epoch and determined the intensity of physical activity using the number of ActiGraph counts recorded during that epoch. Valid ActiGraph wear time was determined as at least 600 min wear time per day (during waking hours) on a minimum of 5 of the 7 recorded days [28, 29] . Triaxial data were collected in 1-s epochs and aggregated to 60 s. Using the Freedson et al. cut points [42] , between 1953 and 5724 counts per minute was classified as moderate physical activity and 5725 or more counts was classified as vigorous physical activity. As such, the total minutes of moderate physical activity, vigorous physical activity, and total moderate and vigorous physical activity were calculated for each day with valid ActiGraph data. The ActiGraph data were checked for outliers, though none where identified. More detailed information about data reduction processes can be found in the study protocol paper [28] . Total moderate and vigorous physical activity was dichotomised in alignment of achieving the minimum recommendation of 150 min of physical activity per week [43] . This dichotomized variable was used to stratify participants into two subgroups; however, the continuous variables described above were used for the correlational analyses.
Analyses
Descriptive statistics (χ 2 and t-tests) were used to compare participants with valid ActiGraph data to those without valid ActiGraph data for baseline demographics, as well to compare baseline characteristics for participants who had remained in the study at the 3-month time point and those that had dropped out. McNemar tests were conducted to assess whether there were significant differences in the proportion of people classified as meeting or not meeting physical activity guidelines for the 2 separate measures (Active Australia Survey and Actigraph accelerometer). To assess validity, Spearman rank-order correlation coefficients were computed to assess the relationship between the Active Australia Survey outcomes with the ActiGraph outcomes for participants with complete data for both measures (i.e., complete cases analysis). Spearman correlation coefficients were chosen because self-reported physical activity data were not normally or linearly distributed, however the monotonicity assumption was not violated. The use of Spearman correlations is well accepted and common for assessing the validity of physical activity surveys, including the Active Australia Survey, and is valuable when comparing the results to other studies [7, 9-11, 34, 35] . All reported correlations are between corresponding physical activity categories (e.g., ActiGraph vigorous physical activity was correlated with Active Australia vigorous physical activity). To assess responsiveness to change over time, a linear regression model was used to regress the 3-month Active Australia Survey outcomes onto the baseline Active Australia Survey outcomes for each of the 3 variables (moderate, vigorous and moderate + vigorous physical activity); in doing so, the individual residual scores were calculated for each participant. The same procedure was repeated for the 3-month and baseline ActiGraph variables. Finally, Spearman rank-order correlation coefficients were computed between the individual residual scores from the Active Australia Survey and those from the ActiGraph for the 3 variables. This procedure allows reducing measurement error to a larger extent when compared to directly correlating change scores [44, 45] . Due to the large sample size it was possible to stratify the outcomes and assess whether the correlation coefficients differed for several outcomes (e.g. age). Fisher r to Z transformations (z) were applied to assess whether there were significant differences in the correlations between the subgroups [46] . Statistical significance was set at an alpha level of 0.05.
Results
A total of 504 participants were randomized into the study and 465 had valid ActiGraph data (a minimum of 600 min of wear time on 5 out of 7 days) at the baseline of the RCT. There were no significant differences between participants with or without valid ActiGraph data for all baseline demographics, with the exception of educational attainment: more participants with a higher education had no valid data (χ 2 = 7.22, p = 0.02). There were no significant differences between participants who remained into the study at 3 months and those who had dropped out for all baseline demographics, with the exception of age: more participants with a younger age had dropped out at 3 months (t = 3.21; p = 0.001). As Table 1 shows, nearly two thirds of participants were female (65.1%), and about three quarters of the sample was either overweight (35.9%) or obese (39.7%). Participants of different educational levels and ages were well represented, though a high number of participants were aged between 50 and 64 years (39.7%). The majority of the sample reported high physical activity awareness (63.5%); and optimal overlap between the ActiGraph measurement and the Active Australia Survey measurement was achieved in 55.1%. At baseline, similar While nearly all correlation coefficients assessing the validity between the Active Australia Survey and the ActiGraph were significant, they were generally small (see Table 2 ). For the total group, a correlation of ρ = 0.19 (p = 0.000; CI 95% = 0.13-0.32) was found for moderate physical activity, ρ = 0.33 (p = 0.000; CI 95% = 0.11-0.29) for vigorous physical activity and ρ = 0.23 (p = 0.000; CI 95% = 0.24-0.45) for moderate and vigorous physical activity combined. This general pattern, whereby the correlations for vigorous activity were higher than for the other physical activity categories, was relatively similar when the data were stratified according to different subgroups (see Table 2 ). Few significant differences between subgroups were observed. There were significant differences in the correlations for vigorous physical activity between men and women (z = 2.01; p = 0.04), as well as between participants aged from 50 to 64 years and those aged over 65 (z = 2.04; p = 0.04). There was a significant difference in the correlation for moderate intensity physical activity between those of a healthy weight and those who were overweight (z = 2.04; p = 0.04).
Compared to the validity correlations, the correlations expressing responsiveness to change were somewhat higher, though still relatively small (see Table 3 ). For the total group, a correlation of ρ = 0.35 (p = 0.000; CI 95% = 0.25-0.45) was found for moderate physical activity, ρ = 0.32 (p = 0.001; CI 95% = 0.22-0.43) for vigorous physical activity and ρ = 0.19 (p = 0.000; CI 95% = 0.07-0.30) for moderate and vigorous physical activity combined. This general pattern, whereby the correlations for vigorous activity were lower than for the other physical activity categories, was relatively similar when the data were stratified according to different subgroups (see Table 3 ). No significant differences between subgroups were observed.
Discussion
The aim of this study was to investigate the validity of the Active Australia Survey stratified for different population subgroups, and to examine its responsiveness to change over time. Overall, the results of this study provide little evidence for the validity of the Active Australia Survey. The correlation coefficients in this study are lower than 0.4, which is considered as poor by Helmerhorst et al. (2012) [23] . Furthermore, they are, for most variables, also lower than 0.3, which has been reported as the lower limit for demonstrating acceptable evidence of validity for self-report physical activity measures [17] . The present results are in contrast to most other Active Australia Survey validation studies using accelerometers, as they reported correlation coefficients for total physical activity ranging from 0.42 to 0.61 [10, 11] . Only 2 studies conducted by Timperio et al. reported correlations below 0.3 [7, 47] . One possible explanation for the contrasting findings could be that the Active Australia Survey was administered differently across studies (e.g., telephone vs. paper-and-pencil administration), however previous studies have found similar correlations irrespective of the administration method [10, 11] . It is noteworthy to point out that all the studies that found acceptable validity levels had smaller samples (range: , whereas the present study (n = 465) and those of Timperio (n = 122 and 191) had considerably more participants [7, 47] . When comparing the validity to other physical activity questionnaires, the outcomes of the present study are in line with those of the systematic review of Helmerhorst et al. [23] ; median Spearman correlation coefficients for surveys assessed in adults ranged from 0.27 to 0.30 for 'older' and 'newer' physical activity surveys respectively. Those authors concluded that it appears almost impossible to obtain a valid estimation of a highly variable behavior such as physical activity by self-report [23] .
The present study found somewhat higher correlation coefficients in women compared to men (only significant for vigorous physical activity); and while two previous studies demonstrated acceptable validity in women using the Active Australia Survey, they did not compare these outcomes with men [10, 34] . However, the study by Timperio et al. found lower correlations for women compared to men [7] . These differences may be due to gender-based differences in the perception of intensity or gender-based differences in recall or attention to detail [48] . The present study found the lowest correlations between the two measures for those with the highest age (only significant for vigorous physical activity). This is in contrast to a study that found acceptable validity (ρ = 0.42) in participants over the age of 65 [9] . Unfortunately their study did not include younger age groups. Cognitive degeneration has been suggested as a reason why accurate physical activity recall may decline in old age [23] . Alternatively, the lower correlations in older participants may be due to changes in the perception of physical activity intensity, whereby activities of moderate intensity may be perceived as vigorous by some, but not by others. No other studies have compared correlations for those with different education levels, and the outcomes of this study suggest that having a higher education does not necessarily reflect better behavioral recall, as correlations were often higher for those with a lower education; moreover, the differences between all age groups were not significant. Counterintuitive outcomes were found for the level of physical activity awareness, as lower physical activity awareness often resulted in higher validity scores (though these differences were not significant). Perhaps a lack of awareness results in lower .247 (.000)*** (.106-.370) Note: p < 0.05 = *; p < 0.01 = **; p < 0.001 = *** AAS Active Australia Survey, MVPA Moderate + Vigorous Physical Activity, PA Physical Activity social desirability bias. With the exception of vigorous physical activity in obese participants, the correlations were lower for those with higher weight (the differences were significant for moderate intensity physical activity).
The study by Timperio also examined validity levels according to weight status [7] , and found a high level of variability across multiple categories that do not align with the variables of the present study, making between-study comparisons difficult. Fjedlsoe et al. indicated that the validity of the Active Australia Survey decreases when participants are more active [11] . The findings of our study are in line with those of Fjedlsoe et al., but only for vigorous physical activity and the differences were not significant [11] . Fjeldsoe et al. indicate that a widening in measurement error and bias may be responsible for the lower validity in highly active participants [11] . Finally, it is not surprising to find somewhat higher correlations when both measures cover the same measurement period, though the differences were small, not significant and almost negligible when compared to the correlations of the total group. Note: p < 0.05 = *; p < 0.01 = **; p < 0.001 = *** MVPA Moderate + Vigorous Physical Activity, PA Physical Activity
In broad-reaching physical activity interventions, where modest (but clinically meaningful) changes in behavior are often observed, the responsiveness of self-report measures to detect such changes is critical [25] . The correlations expressing responsiveness to change over time were generally low, although they were somewhat higher than the validation correlations and, as Table 3 shows, for some categories they were higher than 0.4, which indicates a degree of acceptability [23] . For example, correlations higher than 0.4 were observed in men, healthy weight participants, those with vocational or technical education, and those who engage in more than 150 min of moderate and vigorous physical activity according to the ActiGraph for moderate to vigorous physical activity. To our knowledge, only two studies have attempted to examine the responsiveness to change for the Active Australia Survey. Reeves et al. found good responsiveness to change for moderate to vigorous physical activity relative to a more detailed self-report measure (CHAMPS) [25] . In their study (n = 381) the responsiveness index (based on Tuley's formulae) of the Active Australia Survey was 0.50 (95%CI: 0.30-0.69) which was considered as good responsiveness. Lee et al. used the same methodology (i.e., responsiveness index based on Tuley's formulae) and found a similar responsiveness for the Active Australia Survey (0.45; 95%CI: 0.26-0.65), although it was somewhat lower than the responsiveness for the Actigraph in the same study (0.49; 95%CI: 0.23-0.74) [26] . Given the scarcity of studies assessing responsiveness to change, however, further research is required to confirm these findings.
The large study sample, which allowed stratifying the outcomes for specific subgroup populations, examining responsiveness to change, and the robust study protocol were strengths of this study. However, those who participated in this study were part of a convenience sample recruited to participate in a randomized controlled trial. This may have introduced bias, limiting generalisability of the findings. It should be pointed out, however, that the study sample was well balanced in terms of gender, age, education and weight status. Caperchione et al. provide an in-depth description of the sample of this study and how it compares with the general Australian population [49] . Correlation coefficients can be affected when floor or ceiling effects are present (when more than 15% of the sample reports the highest or lowest possible score) [50] . As such, it is a limitation that floor effects were observed for the vigorous physical activity variables. However, no other floor or ceiling effects were observed for any other variables. Another limitation is that 'optimal overlap' for the Active Australia Survey and the ActiGraph measurement was not achieved for all participants. Other Active Australia Validation studies have also reported to this problem [10, 34] . As discussed earlier, this only had a small influence on the observed correlations. To make sure, however, we did run the analyses stratified for all the specific population subgroups with only those participants demonstrating 'good overlap'. The differences in correlations with the currently presented outcomes were minimal, not warranting the large drop in sample size, ensuring each cell had a large number of participants. Finally, while the ActiGraph is acceptable and often used to assess validity of self-report measures, it is not a gold standard and not able to measure all types of physical activity accurately, this may have reduced the observed correlations [24] . Furthermore, the error associated with regression equations used to derive cut-points for moderate and vigorous-intensity physical activity is also limitation of using accelerometers [4, 6] .
Conclusions
This study provided little evidence for the validity of the Active Australia Survey, although the responsiveness to change was marginally better and deemed acceptable for a number of specific subgroups. The findings are largely in contrast to other Active Australia Survey validation studies with smaller study samples; however they are in line with studies with larger samples sizes, and a review that assessed a range of different physical activity measures. Despite its practicality and low cost, findings from studies that use the Active Australia Survey should always be interpreted with a degree of caution.
Abbreviation BMI: Body Mass Index
